Objective: To evaluate the effectiveness of noninvasive ventilation in patients with acute hypoxemic nonhypercapnic respiratory failure unrelated to exacerbation of chronic obstructive pulmonary disease and cardiogenic pulmonary edema. Data Sources: PubMed, EMBASE, Cochrane library, Web of Science, and bibliographies of articles were retrieved inception until June 2016.
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Dr. S. Liu disclosed work for hire. The remaining authors have disclosed that they do not have any potential conflicts of interest. N oninvasive ventilation (NIV) application has become increasingly important in the management of acute respiratory failure (ARF) in recent years (1) . Especially, the 2011 Canadian guidelines for the use of NIV in critical care settings suggest the use of NIV in exacerbation of chronic obstructive pulmonary disease (COPD) and cardiogenic pulmonary edema (CPE) patients with a grade 1A recommendation (2) , mainly because NIV is effective in reducing endotracheal intubation and mortality (3) (4) (5) . Nevertheless, so far the benefits of NIV remain on debate in patients with acute hypoxemic nonhypercapnic respiratory failure particularly unrelated to CPE or underlying chronic pulmonary disease.
In 2004, Keenan et al (6) made a systematic review to assess the effect of NIV in acute hypoxemic respiratory failure (AHRF) patients not due to CPE or an exacerbation of COPD according to studies published in the beginning of the 2000s, which suggested that the application of NIV could reduce the rate of endotracheal intubation. However, it included a part of patients with hypercapnia which could lead to an overestimation of the benefits of NIV when compared with standard oxygen therapy. What is more important, several most recent prospective, randomized trials (7-10) reported conflicting results about the effect of NIV on AHRF patients unrelated to CPE or COPD exacerbation.
These considerations led us to conduct a systematic review and meta-analysis to compare the effect of NIV and standard oxygen therapy focusing on acute hypoxemic nonhypercapnic respiratory failure patients not due to COPD and CPE. Furthermore, the overall failure of NIV occurred in 16-30% of patients (11, 12) , which depended on not only the severity of AHRF but also the multiple technical causes including NIV interface (13) and ventilation mode or settings (14, 15) . Hence, we tried to make subgroup analysis according to different NIV interfaces, NIV modes, and hypoxic severity with the intention to give specific recommendations for clinicians.
METHODS
Ethical approval and patient consent are not required since this is a meta-analysis based on previous published studies.
Data Sources and Searches
Randomized controlled trials (RCTs) of NIV in patients with AHRF were independently searched for in PubMed, the Cochrane Library, EMBASE, and Web of Science using the following key word terms ("acute respiratory failure" or "acute hypoxemic respiratory failure" or "acute hypoxemic respiratory distress" or "ARF" or "AHRF") and ("nippv" or "bipap" or "cpap" or "niv" or "nipsv" or "noninvasive positive pressure ventilation" or "non invasive positive pressure ventilation" or "noninvasive ventilation" or "non invasive ventilation" or "bilevel positive airway pressure" or "continuous positive airway pressure" or "noninvasive pressure support ventilation" or "non invasive pressure support ventilation" or "mask ventilation" or "nasal ventilation") (6, 16) . Our research was limited to studies using adult participants. Figure 1 summarizes the study selection process. Two investigators (X-P.X., X-C.Z.) assessed the retrieved studies independently, including titles, abstracts, and citations. Any differences were resolved by consensus. In the absence of sufficient detail to inform decision making, full texts were sourced and the process repeated. The investigators selected the retrieved studies that fulfilled the following inclusion and exclusion criteria.
Study Selection

Inclusion Criteria
Inclusion criteria were as follows: 1) A trial was conducted comparing NIV with standard oxygen therapy in patients with acute hypoxemic nonhypercapnic respiratory failure; 2) acute hypoxemic nonhypercapnic respiratory failure, defined as a respiratory rate of more than 25 breaths/min, Pao 2 less than 60 mm Hg on room air, or a ratio of the Pao 2 /Fio 2 (P/F) of 300 mm Hg or less while the patients were breathing oxygen at 10 L/min ≤ flow rate ≤ 15 L/min for at least 15 minutes; Paco 2 less than or equal to 50 mm Hg; labored breathing or respiratory distress or dyspnea at rest; 3) a clinical RCT was employed; 4) intubation rate, ICU mortality, or hospital mortality were available; and 5) the number of patients in the NIV and oxygen therapy groups was provided.
Exclusion Criteria
Exclusion criteria were as follows: 1) participants were children or adolescents (< 14 yr old); 2) patients with CPE or an exacerbation of COPD; 3) patients with hypercapnia (Paco 2 > 50 mm Hg); 4) application of NIV with invasive weaning (mechanical ventilation for > 48-72 hr) in intubated patients; 5) the trial did not use oxygen therapy as a control (e.g., invasive ventilation or high-flow oxygen therapy); 6) the study was a review, letter, case report, or other type of publication not based on original research (e.g., cell culture and isolated organs) or employing animal models; 7) the study did not include extractable outcomes or mortality data; and 8) the full text was unavailable.
Data Extraction
For each eligible study, two authors (X-P.X., X-C.Z.) independently abstracted data. Our primary outcome was intubation rate. The secondary outcome was ICU mortality and hospital mortality. Disagreements between the two investigators were resolved by discussion and consensus.
Subgroup Analysis
For the primary and secondary outcomes, we performed the following a priori subgroup analyses: patients with face/nasal mask versus helmet (NIV interface); bilevel positive support ventilation (BiPAP) versus continuous positive airway pressure (CPAP) (NIV mode); and 100 mm Hg ≤ P/F ≤ 200 mm Hg versus 200 mm Hg < P/F ≤ 300 mm Hg (according to the average P/F provided by all RCTs, hypoxic severity). Due to inadequate comparative reporting of pulmonary or extrapulmonary originated AHRF, we were unable to perform subgroup analysis
Data Synthesis and Analysis
The meta-analysis of the included studies was performed using Review Manager 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen Denmark), which provided the risk ratio (RR) with 95% CI for primary and secondary outcomes. Heterogeneity among trials was quantified using visual inspection of the forest plots following a chi-square test, which is expressed as I 2 . Statistical heterogeneity was considered relevant if I 2 greater than 30%. In cases of significant heterogeneity (I 2 > 30%), a random effects model was used; otherwise, a fixed effects model was applied. Publication bias was evaluated by visual inspection of funnel plots. We considered a p value of less than 0.05 statistically significant. 
RESULTS
Search Results and Trial Characteristics
We identified 1,066 citations; 40 studies were retrieved for detailed evaluation; and 11 RCTs (7-10, 19-25) met inclusion criteria (Fig. 1) CCM/C520). The years of publication ranged from 2000 to 2016. The mean age of patients ranged from 46.5 to 65.5. Of the 11 included trials, two were single-center trials (22, 25) , and all were conducted in Europe except one, which was conducted in Asia (19) .
Assessment of the risk of bias is summarized in Figure 2 . Among the 11 RCTs, none of the trials were double blinded. However, blinding of patients and caregivers was impossible in these trials, and the authors proposed that the outcomes were likely not influenced by a lack of blinding. Two trials were classified as having an unclear risk of bias (7, 23) . (Fig. 3) . The funnel plot indicates no obvious publication bias in the meta-analysis of endotracheal intubation rate (Fig. S1 , Supplemental Digital Content 3, http://links.lww.com/CCM/C521; legend, Supplemental Digital Content 12, http://links.lww.com/ CCM/C530). We graded the overall strength of the evidence as moderate (Supplemental Table 3 , Supplemental Digital Content 4, http://links.lww.com/CCM/C522).
NIV Decreased Endotracheal Intubation
A subgroup meta-analysis was performed to determine the effect of NIV on specific group of patients. No significant differences in intubation rates were found between two groups of patients with different interfaces (Fig. S2 (Fig. 4) . However, we graded the overall strength of the evidence as low (Supplemental Table 3 , Supplemental Digital Content 4, http://links.lww.com/CCM/C522), which means the further research will likely change the estimate.
Notably, subgroup analysis showed that NIV significantly decreased the ICU mortality of patients with BiPAP mode but not with CPAP (Fig. S6A , Supplemental Digital Content 9, http:// links.lww.com/CCM/C527; legend, Supplemental Digital Content 12, http://links.lww.com/CCM/C530), indicating that NIV with BiPAP modes might be effective to improve outcome of acute hypoxemia nonhypercapnic respiratory failure patients. In contrast, no significant differences in ICU mortality were found between two groups of patients with different hypoxic severity ( (Fig. 5) . We graded the overall strength of the evidence as moderate (Supplemental Table 3 , Supplemental Digital Content 4, http://links.lww. com/CCM/C522).
The subgroup analysis showed that NIV decreased the hospital mortality of patients especially with helmet or 200 mm Hg < P/F ≤ 300 mm Hg but not with face/ nasal mask or 100 mm Hg ≤ P/F ≤ 200 mm Hg (Fig. S8 , Supplemental Digital Content 11, http://links.lww.com/ CCM/C529; legend, Supplemental Digital Content 12, http://links.lww.com/CCM/C530). The results suggest that mild AHRF patients could benefit from NIV with helmet in reducing the hospital mortality. Similarly, among six RCTs reporting hospital mortality, there is only one research (19) applying BiPAP mode. Therefore, we did not show the results of subgroup analysis according to NIV modes. 
DISCUSSION
The present systematic review and meta-analysis suggest that the application of NIV was associated with significant lower endotracheal intubation rate (13.4% relative reduction) and hospital mortality (12.4% relative reduction) compared with standard oxygen therapy in patients with acute hypoxemic nonhypercapnic respiratory failure unrelated to COPD exacerbation or CPE. Furthermore, subanalyses suggested that the application of BiPAP was associated with a reduction in ICU mortality. Helmet NIV could reduce hospital mortality, whereas face/nasal mask NIV could not.
Recently, Cabrini et al (26) made a comprehensive systematic review and meta-analysis of 78 RCTs, which reported that NIV improves survival in all acute care settings and it is also widely used (27, 28) . However, much of the current evidence for the use of NIV was overestimated by including a heterogeneous population of patients with ARF who had COPD exacerbation or CPE (26) . To our knowledge, this is the first systematic review and meta-analysis to evaluate the effect of NIV in patients with acute hypoxemic nonhypercapnic respiratory failure in absence of a CPE or COPD exacerbation. Eleven high-quality RCTs were included, and the robust results recommended application of NIV in patients with acute hypoxemic nonhypercapnic respiratory failure without COPD exacerbation or CPE.
The subgroup analysis of NIV interfaces suggested that helmet NIV could reduce intubation rate and hospital mortality, whereas face/nasal mask NIV could not, which is consistent with much of the current evidence (29) (30) (31) . This effect might be attributed to good amenity, better tolerance, and universal application of helmet ventilation (31) . However, it should be noted that only three studies with small sample sizes (165 vs 588 using mask) had investigated this variable in this meta-analysis. Therefore, larger RCTs are still needed to confirm the results.
Studies have shown that CPAP can improve gas exchange, decrease respiratory and heart rate, reduce the need for invasive ventilation, and reduce hospital mortality (7, 20) . BiPAP delivers positive airway pressure at two different levels during inspiration and expiration, and can decrease inspiratory work of breathing more than CPAP can alone (8, 19) . As shown in the subgroup analysis by ventilation mode, different ventilator modes have no difference in reducing the intubation rate.
However, BiPAP could reduce the ICU mortality, whereas CPAP could not. Similarly, RCTs with BiPAP involved fewer patients (221 vs 532 receiving CPAP). Therefore, conclusions regarding the relative effectiveness of BiPAP mode are limited. More studies are needed to answer this question definitively.
P/F ratio is considered a simple and useful variable. For example, according to the new Berlin definition of acute respiratory distress syndrome (ARDS), patients are now categorized into three different categories (mild, moderate, or severe), based on the P/F under positive airway pressure (32) . Despite its limitations, P/F ratio is actually used for predicting outcome and response to therapy in patients with ARDS (33) . Accordingly, we set the mild to moderate margin at 200 mm Hg on the basis of the average P/F ratio provided by all RCTs and made a subgroup analysis (34) . The results showed that NIV could decrease the intubation rate associated with lower hospital mortality in the 200 mm Hg < P/F ≤ 300 mm Hg (mild) group. Another exciting finding was that NIV could also decrease the intubation rate in the 100 mm Hg ≤ P/F ≤ 200 mm Hg (moderate) group. However, it was not associated with lower hospital mortality, which might be affected by the limited number of RCTs. It should be noted that since our observations regarding hypoxic severity are according to the provided average P/F, conclusions regarding the relative effectiveness of NIV in subgroups of patients would be misleading. Nonetheless, we are able to generate hypotheses that may be tested by future trials.
Strengths of this systemic review and meta-analysis include the comprehensive research methodology, which render it unlikely that important scientific studies of NIV for target patients were omitted. Article selection, data abstraction, and assessment of trial methods were performed independently and in duplicate. We used the Cochrane Risk of Bias approach to evaluate methodologic quality enhancing the generalizability of our findings. Potential weakness lies in possible bias that blinding with NIV in all RCTs was not feasible. Furthermore, studies have suggested that a failure of NIV might result in excess mortality, possibly because of delayed intubation (35, 36) ; however, we did not analyze the risk factors for NIV failure. Finally, the difference of NIV duration and application strategies (Supplemental Table 2 , Supplemental Digital Content 2, http://links.lww.com/CCM/C520) between studies is another potential source of bias.
